The view that1 tlhe heart remains relatively constant in volume in diastole as in systole, has been maintained by one of us on the basis of an analysis of tjhe cardiopneumogram
The view that1 tlhe heart remains relatively constant in volume in diastole as in systole, has been maintained by one of us on the basis of an analysis of tjhe cardiopneumogram (1) . Thus cardiac volume changes produce pressure changes within the lungs which, when transmitt,ed through the respiratory t,ree and corrected for tlhe elastic give of the chest walls, seem to be produced by a cardiac volume change of 1 or 2 cc., (certainly less than 7.5 cc.) and last through only a part of systole.
This has been confirmed in part by E. Holzlijhner (2) who admits that the net systolic decrease in intrathoracic blood volume is small (5 cc.) but insists that much larger quantities of pulmonary air (25-30 cc.) are displaced by changes in intrathoracic blood volume during the course of syst,ole. That the quant'ities of air which move in and out of the chest during the cardiac cycle are of the order of 1 or 2 cc., is easily demonst,rat#ed by a simple experiment. If one fills the mouth with smoke and maintains respiratory standstill with the internal nares closed and the glott,is open, a t,iny puff of smoke is seen t'o issue from the lips toward the end of each ventricular systole. The amount of this is usually not more than 0.5 cc. as contrasted with Holzlohner's figure of 25 to 30 cc. Teleologically one might well expect that the heart is organized so as to move blood and blood alone. It does not wast'e energy moving the contiguous tissues about.
The heart? is able to pump blood without much displacement of contiguous tissues through the fact that its major pumping action is due to the caudo-cephalad movement of the atrioventricular septum.
This in turn insures t'he reciprocal action of t,he two chambers so that the auricles fill during ventricular systole, and ventricular filling occurs at t'he expense of a reduction in the volume of the auricle.
It has long been known that the base of the ventricle makes a large excursion toward t!he apex during systole and that the apex makes little move-ment at any time (Da Vinci, 3). Though the truth of these observations has not been questioned, their significance in regard to the time of auricular filling has not been fully appreciated.
.Movements of the base of the heart. In order to make further inquiry into the nature of the cardiac movements, records were taken of the caudocephalad movements of the base and apex of the ventricle in the frog, turtle and dog. The movements were recorded by means of light, delicately counterpoised L-shaped balsa-wood levers.
On the end of the upright arm a small barbed hook was pinioned so that it could be thrust into the A.V. groove or into the apex of the heart in such a way as to record only cephalo-caudad movements.
The records were taken on cellophane, smoked with a kerosene lamp and fixed in thin shellac (cf. 4). They could be printed photographically with great ease and clearness. 
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As seen in figures 1, 2 and 3, in all three animals the base of the heart moves downward toward the apex during systole and the apex makes very slight movements.
The frenulum which is more or less directly anchored to the anterior abdominal wall, plays an important part in fixing the apex of the turtle heart, for when it is cut the movements of the apex are greatly increased and those of the base greatly decreased.
The frenulum of the bullfrog plays a much less important role since cutting this strand of connective tissue which is sometimes attached to the posterior surface rather than to the apex, causes little change in the normal movements of the heart'. The dog has of course no frenulum. The forces which hold the apex stationary (in this dimension) have been analyzed (1) . The most important of these perhaps is the recoil of the heart against the aortic pressure.
That these movements occur not only when the heart is exposed but also when it is in its normal relations in the thorax, is shown by visualizing the base and apex of the ventricle fluoroscopically.
To do this the shaft of the barbed point of a fish-hook was inserted into a long needle. The needle was thrust through the chest wall of an etherized dog and under the fluoroscope the barb was dislodged in the myocardium at the base or apex of the ventricle.
In other experiments the chest was opened aseptically and bits of silver wire were placed in the ventricular wall near the A.V. groove as well as near the apex. When the animals had recovered from the immediate effects of these procedures they were perfectly normal, active and playful.
With the dog on its side the fluoroscopic appearance was remarkable.
To one who had been in t,he habit of thinking of the cardiac contractBions in terms of the small undulations of the edges of t,he ventricular shadow, the movement,s of these foreign bodies seemed fant,astically vigorous.
Only their constancy from day to day, their regularit,y and the autopsy findings dispelled the notion t,hat# cavities.
As seen f t'he met'al objects were not washing about in the cardiac rom the outline sketch ( fig. 4 ) and the skiagram ( fig. 5) ) t,he foreign object,s approach the apex of the heart during each systole. . The dist,ance of approach is roughly proport,ional to the lengt,h of muscle bet,ween t,he object and the apex. The movements toward the apex are much greater t,han those toward the axis.
These findings emphasize t,he doubt cast upon the validity of cardiac output det'erminations derived from calculat,ions which have as their basis the difference in area of t.he systolic and diastolic x-ray heart shadows (5, 6)
The atria cannot be distinguished from the vent,ricles by x-rav. Therefore, t'he x-ray met,hod gives us only an indic:ttion of the t&l heart, volume change and not' the volume change of t'he ventricles as would be needed fo r output the heart by x-ray 1 det,ermination.
In order to determine the 011 tpu tl of it is necessary t,o visualize the movement,s of the top as well as of t'he sides of the ventricles.
We might hazard t he guess t hat calculations which t,ake into account the short,ening of the ventricle, t,hc consequent thickening of it;s walls as well as their inward movemmt, would be &her complex.
Rardeen's formula which is based upon measurement of the whole heart, is hardly applicable t'o such calculations.
Volume changes of auricles and ventricles.
If the anterior body wall of a normal frog is carefully observed a slight pulsation can be seen. This slight movement is by no means comparable t,o the volume of blood which is forced from the heart at each beat. The tissues forming tlhe body wall in . front of t,he heart are so t'hin and flexible that one would expect them to follow changes in the cardiac volume. Since the movement,s impressed upon the anterior body wall by the heart are barely visible, one is led to the conclusion that the t,ot#al heart volume remains nearly constant during the cardiac cycle.
When the heart is exposed a movement of the organs surrounding it would be observable at each systole if this were not the case. No such movements can be seen because the downward movement of the AX. septum at, each systole allows the auricle to fill during this period. The heart is t'hus enabled to expend its energy in moving blood instead of wasting some of it in moving the surrounding organs.
Evidence to subst,antiate t,his attitude was obtained from simultaneous . Volume changes of the frog's heart as recorded from the pericardium. The "staircase" appearance is the calibration where 0.1 cc. portions of air were successively injected into the system and withdrawn.
Time in seconds. Fig. 7 . Frog heart, cardiometer cup over the whole heart. Calibration as in figure 6 . Time in seconds. Fig. 8 . Volume changes of the auricle, upper curve, and ventricle, middle curve, taken simultaneously.
At X a tube connecting the two recording systems was opened. Calibration as in figures 6 and 7. The "steps" indicate about 0.05 cc. for each recorder.
Time in seconds. Fig. 9 . Upper tracing, oscillations of pressure within the dog's pericardium (see text); middle tracing, pulse; lower tracing, time in seconds. direct air transmission. A water manometer was connected into the system and pressure was maintained at a level lower than 2 mm. of water. The records could be quantitated by injecting, with a syringe, small quantities of air as they were being taken.
When the tsmbour was connected to record volume changes of the frog or turtle heart within the pericardial cavity, net changes were small-less than 0.1 cc. (see fig. 6 ). They were of the same order when a glass cardiometer was placed over the whole heart ( fig. 7) , but when separate cardiometers were placed over auricle and ventricle, the volume changes of each chamber were five to ten times as great ( fig. 8) . Furthermore, they were reciprocal, that is, when the auricles emptied the ventricles filled and vice versa. This is shown not only by careful examinaCon of the records, but also by the resultIs of opening a cross connect,ing t;ube which allowed air to flow from one recording system into the other.
We were unable to get simultaneous records of the auricle and ventricle in the turtle.
However, by comparing the ventricular volume change (0.7 cc.) with tlhat of the whole heart (0.1-0.05 cc.) it is easily seen that the auricle must be filling as the ventricle empties and vice versa. Due to tlhe fact that the manipulations involved in these experiments on the turtle and frog probably interfere more with venous inflow than with arterial outflow, one is justified in assuming that in the intact animal the auricular filling would be more prompt and complete and would hence compensate even more closely the ventricular emptying.
A few attempts were made to repeat Stefani's (7) experiments in which he recorded the pressure changes within the partially inflated dog's pericardial cavity.
The chest was open and the pressure and anatomical relat,ionships which give rise to the normal auricular filling, were quite disarranged. Further, mechanical oscillations of the heart within the flexible pericardial cavity gave rise to oscillations of pressure which could not be rightly attributed to cardiac volume changes.
We did, however, obtain records which were closely like tlhose of Stefani. Due to the fact that we took simultaneous pulse records we came to the conclusion that the rapid inflow phase ( fig. 9 ) which Stefani attributes to "active diastole," really occurs, in part at least, during systole. If this is in fact a reflection of a true cardiac volume change, it seems reasonable to attribute it to auricular filling during systole. This is quite consistent with the fact that tlhe auricular pressure is lowest in early systole (8) , as well as with the fact that Burton-Opitz (9) observes a marked increase of jugular flow during ventricular systole. SUMMARY 1. Direct recording of the movements of the base and apex of the heart of the frog, t,urt.le and dog shows t,hat at' each syst.ole t#he base of the heart makes a large movement toward the apex, while the apex remains almost stationary.
This enables the heart tIo expend its t,otal energy in moving blood instead of wasting part of it in moving the surrounding organs.
2. The same thing is shown in the normal intact dog when the base of 
